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Background: Osteoporosis-related fragility fracture is a major health issue in older adults. This study has
been developed to investigate the relationship of lifestyle factors with fragility fracture prevalence in
postmenopausal Taiwanese women.
Methods: A total of 1050 postmenopausal women with a mean age of 66.7 8.6 years who lived in the
community in western Chiayi County in Taiwan was interviewed with a structured questionnaire
collected personal data, lifestyle information and fracture history. Laboratory examinations provided
biochemistry data. Fragility fractures were deﬁned as those resulting from low energy impact. The
relationship between fragility fracture prevalence and other variables was analyzed.
Results: The overall prevalence of fractures of all etiologies and fragility fracture were 18.7% and 9.7%,
respectively. Wrist was the most common site of fragility fracture (48 cases). Fragility fracture prevalence
in participants who rarely or did not consume deep-colored vegetables was signiﬁcantly higher than that
of those who often consumed deep-colored vegetables: 17.6% versus 9.0%, with an odds ratio of 1.96 (95%
conﬁdence interval: 1.05e3.68) by multivariate logistic regression analysis.
Conclusion: Insufﬁcient intake of deep-colored vegetables is associated with increased risk of fragility
fracture.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Osteoporosis-related fragility fractures that could lead to pain,
functional limitation and possibly increased mortality, are a global
public health issue burdening health care systems1. In 2000, a total
of 56 million osteoporotic or fragility fracture cases has been esti-
mated worldwide, of which 9 million were new cases2. Of these
new cases, 4 million (46%) occurred in the western Paciﬁc and
Southeast Asia regions. Fragility fracture incidence is highest in the
elderly. The population in Taiwan is aging rapidly. The Ministry of
the Interior, Republic of China, has reported that the elderlyerest.
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iwan Society of Geriatric Emergenpopulation of Taiwan has grown from 7% in 1993 to 10.9% (2.5
million people) in 20113. The estimated hip fracture incidence rate
in Taiwan for 1996-2000 has been reported as 225 and 505 per
100,000 in men and women, respectively, close to that observed in
Western countries4. Thus, osteoporosis and fragility fracture have
received increasing attention in Taiwan in recent years.
As is generally known, postmenopausal women are most
susceptible to osteoporosis. In women older than 50, the fragility
fracture risk is 3e6 times than that of a man5,6, mainly due to lower
peak bone mass in women and accelerated bone loss after meno-
pause7. However, less than one third of sufferers of fragility facture
have been diagnosed with osteoporosis before the fracture
occurred8. Therefore, early diagnosis, treatment and early preven-
tion of bone loss are the best strategies to avoid the consequences
of later fractures.
Healthy dietary habits and lifestylesdtaking in enough calcium9
and vitamin D10, performing regular weight-bearing exercise11,cy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
C.-H. Lin et al.76avoiding smoking12 and excessive alcohol drinking13dall are
important modiﬁable factors to help prevent osteoporosis and
fragility fractures. Additionally, consumption of fruits and vegeta-
bles has been positively correlated with bone mass in adult men
and women in several recent cross-sectional studies using X-ray
absorptiometry14e18 or quantitative ultrasound19. However, other
studies have shown that fruit and vegetable intake does not always
result in an increase of bone mass among postmenopausal
women20. Furthermore, no epidemiological evidences have yet
linked vegetable intake and fracture risk in Asian populations. This
study investigates the correlation between fragility fracture prev-
alence and lifestyle factors in postmenopausal Taiwanese women.
2. Participants and methods
2.1. Participants and study design
A total of 1050 postmenopausal women, volunteers from
participants of the morning health examinations held at each local
public health center in western Chiayi County were enrolled in this
cross-sectional study. Participants received anti-osteoporotic
treatments such as bisphosphonate, selective estrogen receptor
modulator, hormone replacement therapy, calcitonin nasal spray or
injection and teriparatide injection were excluded. Fasting blood
samples were drawn, and anthropometric measurements and
simple pulmonary function testwere performedon theparticipants.
A questionnaire interview was subsequently conducted. Informed
consent was obtained from all participants and the study was
approved by the Chang Gung Hospital Institutional Review Board.
2.2. Anthropometric and laboratory examinations
Body weight, height, circumference of waist and hip were
measured with participants wearing light clothing and without
shoes. Bodymass index (BMI) was calculated from body weight and
height (kg/m2). Laboratory examinations included the levels of
serum blood urea nitrogen, creatinine, total cholesterol, low-
density lipoprotein cholesterol, high-density lipoprotein choles-
terol, triglyceride, glucose, and glycohemoglobin. Spirometry
examination was performed by trained personals using a KoKo
spirometer (Pulmonary Data Services, Inc., Louisville, KY, USA)
Spirometry data were analyzed by a respiratory specialist and
categorized into normal or unable to interpret, mild, moderate and
severe obstructive, or restrictive lung disease.
2.3. Questionnaire of lifestyle factors
All participants were interviewed by trained technicians using
a comprehensive questionnaire. Dietary habits and lifestyle factors
including smoking, milk, coffee, tea and alcohol consumption, betel
nut chewing, exercise, employed in manual labor, eating out at
restaurants and vegetarianismwere recorded. The amounts and/or
frequencies and duration of the habits were further delineated if
the subject exhibited certain dietary habits. Habitual tea and coffee
drinking were deﬁned as drinking for 5e7 days per week for 3 or
more years. Habitual milk consumption was deﬁned as intake  7
glasses per week for 3 or more years. Uses of supplemental calcium
and vitamin D3 as well as other concomitant pharmacotherapy for
osteoporosis to maintain bone health were recorded. Vegetari-
anism was further categorized into vegan or lacto-ovo-vegetarian
for duration of 3 years and over. The types of physical exercises
that were most commonly performed by participants were also
recorded. Physical activity levels for at least 3 years were catego-
rized into ﬁve levels from very high, high, medium, low to inactive
state according to numbers of hours of exercises per week: > 7hours per week, 3.5e7 hours exercise per week or employed in
manual labor, > 1 but  3.5 hours exercise per week,  1 hour
exercise per week or do not exercise, respectively. Jogging, playing
ball games, and biking were physical activities deﬁned as exercises
with higher risk of fall. Fat intakewas measured by the frequency of
usage of oil in cooking of various types of food and eating fat and
skin of various types of the meat with six degrees including always,
most of the time, half of the time, rarely, never like this, not
consuming this kind of food. The frequencies of intake of deep-
colored vegetables and egg yolk were also recorded as the same
manner. Deep-colored vegetables indicated mainly dark-green
leafy vegetables but other vegetables that are deep in color were
also included and the participants were asked to report the intake
frequency of these vegetables at lunch and dinner daily. Finally,
frequency of food intake was categorized into two groups as
“always to half of the time” or “rarely to not consuming” this kind of
food. Past medical history (including hypertension, diabetes mel-
litus, hyperlipidemia, liver diseases, renal diseases, blurred vision,
stroke, malignant diseases and menstrual status) was recorded.
2.4. Questionnaire on fractures and deﬁnition of fragility fracture
Participants were asked about fracture history including site and
cause of fracture. Fractures from low energy impacts such as falling
while standing, walking, running, jumping or riding a bicycle at
slow speed were deﬁned as fragility fractures which are thought to
be much related to reduced bone strength. Meanwhile, fractures
caused by falling from a height and trafﬁc accidents involving a car,
motorcycle or bicycle moving at high speed were deﬁned as frac-
tures due to high energy impact, and are considered not related to
bone strength but irresistible accident.
2.5. Statistical analysis
Statistical analysis was carried out using SPSS 12.0 software
(SPSS, Inc., Chicago, IL, USA). Participants were divided into two
groups based on the occurrence of fragility fractures to further
investigate the relationship between each variable and bone
strength. Signiﬁcance of the differences between groups was
determined by independent sample t-test for continuous variables
and by Pearson Chi-Square test or Fisher exact test for categorical
variables. Variables with signiﬁcant differences or those thought to
have an impact on bone health were entered into logistic regression
for multivariate analysis and odds ratios were calculated with a 95%
conﬁdence interval (CI). A p value< 0.05 was considered signiﬁcant
for all tests.
3. Results
This study was conducted during September 2008 and
December 2009. Among 1050 postmenopausal women, ages
ranged from 45 to 90 years (mean¼ 66.7 8.6 years); 61.8% were
65 years or older. The overall prevalence of fractures of all etiologies
and fragility fracture were 18.7% and 9.7%, respectively. In partici-
pants aged 75 and over, the fragility fracture prevalencewas as high
as 13.7% (Table 1). Wrist was the most common site of reported
fragility fracture (48/108 cases). Hip was the most common site of
fracture from high-energy impacts (26/110 cases, Table 2). Table 3
shows the characteristics and laboratory results for those with
and without fragility fracture. Participants in the fragility fracture
group were older than those without fragility fracture.
Fragility fracture prevalence of participants who rarely or never
consumed deep-colored vegetables was signiﬁcant higher than
that of those who consumed more deep-colored vegetables: 17.6%
versus 9.0% (p¼ 0.008; Table 4). A higher fragility fracture rate was
Table 3
Characteristics and laboratory results for fragility fracture and non-fragility fracture
groups.
Variables Fragility fracture
group
Non-fragility
fracture group
pa
n mean SD n mean SD
Age 102 68.8 8.1 948 66.4 8.6 0.011
Years after menopause 102 19.0 11.3 942 17.2 10.3 0.085
Height, cm 102 151.5 5.0 945 152.4 5.5 0.117
Body weight, kg 102 57.6 8.4 945 58.1 9.4 0.600
BMI, kg/m2 102 25.1 3.7 945 25.0 3.7 0.743
Waist Circumference, cm 102 82.9 10.2 941 82.6 9.4 0.770
Hip Circumference, cm 100 96.8 8.2 919 96.3 8.2 0.574
Fasting serum glucose, mg/dL 101 104.2 26.6 933 106.9 36.3 0.414
HbA1C, % 102 6.0 0.9 933 6.0 1.1 0.611
LDL, mg/dL 102 126.6 31.9 941 132.7 34.4 0.086
Cholesterol, mg/dL 102 203.1 36.9 943 210.4 38.7 0.072
HDL, mg/dL 102 56.3 13.3 940 58.8 13.8 0.072
BUN, mg/dL 102 16.2 4.6 933 15.9 4.7 0.067
Triglyceride, mg/dL 102 119.3 69.7 941 123.0 67.3 0.598
Uric acid, mg/dL 102 5.3 1.4 943 5.6 2.1 0.176
Creatinine, mg/dL 102 0.8 0.2 931 0.8 0.2 0.104
n¼ number of respondents.
ap-value of independent sample t-test.
Table 4
Univariate and multivariate analysis of lifestyle factors in association with fragility
fracture prevalence.a
Variables n Univariate analysis Multivariate analysis
Occurrence
of fragility
fracture (%)
p Odds ratio d
(95% CI)
pe
Habitual milk consumption 0.999b 0.474
Yes 278 9.7% 1.00
No 772 9.7% 1.21(0.72-2.02)
Table 1
Distribution of subjects by age and prevalence of fragility fracturea (n¼ 1050).
Age (years) n (%) Fragility fracture
prevalence (%)
45-54.9 91(8.7) 4.4
55-64.9 310(29.5) 8.7
65-74.9 438(41.7) 9.6
75þ 211(20.1) 13.7
Total 1050(100) 9.7
a p-value is 0.066 by Chi-square test.
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(Table 4). There were 329 cases reported taking glucosamine
supplements to “treat osteoporosis” or to “strengthen bones.” The
fragility fracture prevalence was higher in these cases versus who
did not report using it to treat “osteoporosis” (13.1% vs. 8.2%,
p¼ 0.013). Participants with BMI of 19 or lower (underweight)
(n¼ 30) seemed to have a higher fragility fracture rate than those
with BMI >19 (13.3% vs. 9.6%), although the result was not statis-
tically signiﬁcant (p¼ 0.525). Those participants whose favorite
exercises that placed them at risk of fall (i.e., jogging, ball games,
and biking) showed a trend of an increased risk of fracture over
those who did not do these types of exercises although the differ-
encewas not statistically signiﬁcant (Table 4). Other lifestyle factors
like habitual milk, tea, and coffee drinking, frequency of yolk and fat
intake, vegetarianism, eating out, smoking, drinking alcohol,
physical activity level, the results of spirometry interpretation and
past medical histories like diabetes, hyperlipidemia, malignant
disease, blurred vision did not correlate signiﬁcantly with fragility
fracture (data not shown). Finally, age, BMI, milk consumption,
habits of calcium supplementation, frequency of deep-colored
vegetable intake, blurred vision, high-risk favorite exercise and
physical activity level for the last three years were entered into
binary logistic regression, using enter method for multivariate
analysis. After adjusted for the other factors, the analysis showed
that participants who rarely or never consumed deep-colored
vegetables were at 1.96 time greater risk than those frequently
consumed them (95% CI: 1.05e3.68). Participants with habit of
taking calcium tablet supplements had a 1.99 time higher proba-
bility of fragility fracture over those without the habit (95% CI:
1.23e3.24; Table 4).Deep-colored vegetable intake 0.008b 0.036
Often 959 9.0% 1.00
seldom or never 91 17.6% 1.96(1.05-3.68)
Calcium supplement 0.012b 0.005
Yes 201 14.4% 1.99(1.23-3.24)
No 849 8.6% 1.00
Physical activity level for more than 3 yrs 0.254b 0.436
very high 38 10.5% 1.00
High 245 11.8% 0.70(0.23-2.11)
Medium 151 12.6% 1.02(0.20-5.10)
Low 26 11.5% 1.12(0.35-3.55)4. Discussion
Increasing evidence supports the positive association of vege-
table intake with bonemineral density (BMD)14e19, but a direct link
between vegetable intake and fracture rate is lacking. The present
study reveals mildly, yet signiﬁcantly increased fragility fracture
rates in postmenopausal womenwho have failed to consume deep-
colored vegetable at least half of the time at each lunch and dinnerTable 2
Fracture history by body site (n¼ 1050).
Site Fragility fracture Fracture due to
high energy impact
n (%) n (%)
Wrist 48 4.6 16 1.5
Shoulder 12 1.1 15 1.4
Upper limb other
than wrist and shoulder
2 0.2 3 0.3
Spine 17 1.6 14 1.3
Hip 17 1.6 26 2.5
Lower limb other than hip 9 0.9 24 2.3
Rib 2 0.2 5 0.5
Other 1 0.1 7 0.7
TOTAL 108 7.3 110 10.5daily. The mechanism of vegetable intake that beneﬁts bone health
is unclear21. The most important dietary sources of calcium for
Taiwanese older adults are dairy products (257.5 mg) and vegeta-
bles (149.0 mg; dark green and yellow vegetable: 109.0 mg, light
green vegetable: 40.0 mg), comprising about 41% and 24% of total
daily calcium intake, respectively22. The Taiwanese population
consumesmuch less dairy products (0.8e0.9 servings per day) than
those in Western countries, although they consume adequateInactive 511 7.6% 1.10(0.35-3.38)
Favorite exercise at risk of fall 0.087b 0.209
Yes 156 13.5% 1.44(0.81-2.56)
No 894 9.1% 1.00
Blurred vision 0.767c 0.746
Yes 34 11.8% 0.81(0.23-2.86)
No 993 9.8% 1.00
Age 1050 d 0.011f 1.03(1.00-1.06)g 0.029
BMI 1047 d 0.743f 1.01(0.95-1.07)g 0.760
CI¼ conﬁdence interval; BMI¼ body mass index.
aUnivariate analysis for categorical variables by using Chi-Square or Fisher’s exact
test, multivariate analysis by using logistic regression.
bp-value of Chi-squared test.
cp -value of Fisher’s exact test.
dOdds ratio by multivariate logistic regression.
ep -value of multivariate logistic regression.
fp -value of independent sample t-test, also see Table 3.
gAge and BMI were entered logistic regression as continuous variables.
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calcium intake seems to depend relatively more on consumption of
vegetables comparing to Western populations. Furthermore,
excessive consumption of acid-forming foods including meat,
sugar, eggs, dairy, cereal and carbonated beverages may increase
bone mineral dissolution by buffering alkali bone minerals23. Diets
rich in fruit and vegetables result in an alkaline environment and
thus reduce bone resorption, which is evidenced by decreased
urinary calcium excretion24 and bone turnover marker25. The mean
protein intake of 59.5 g/day (16.8% of total energy intake) for
Taiwanese women was higher than that recommended (10%e
14%)22; thus, taking in an adequate amount of vegetables may be
important to balance the protein acid load and prevent the bone
buffering effect. Another hypothesis of the effect of vegetables on
bone health suggests that the vitamin C, b-carotene, and vitamin K1
in vegetables may help to maintain bone mass26e28.
Milk is known as a good source of calcium and vitamin D and
therefore considered important in preventing osteoporotic
fracture. In our study, habitual milk consumption has not been
shown signiﬁcant association with reduced fragility fracture
prevalence. This result may be attributed to the small sample size
analyzed. However, evidence from the literature on the effect of
milk or dairy food on bone health is inconclusive. Many studies
suggest that milk consumption minimizes the loss of bonemineral
density29 or reduces fracture risk30, but the effect of dairy food
may account for as little as 0.3%e0.7% in bone mass variation31,32
and < 1% in fracture risk reduction33. In a review of 46 studies of
the effect of dairy food on bone health by Weinsier et al34, 53% of
outcomes have shown insigniﬁcant in all age groups. A more
recent 18-year prospective study in 72,337 postmenopausal
women has shown that there has been no association between
milk consumption and reducing hip fracture risk, even among
those drinking 600 ml (2.5 glasses) per day35. In addition, the
retinol and protein acid load in milk may be detrimental to bone
health24,36 and possibly offset the positive effect of the calcium
and vitamin D in the milk.
Our study shows that the habits of using calcium and glucos-
amine supplements as “the treatment for osteoporosis or to
strengthen bones” are associated with higher fracture prevalence.
However, we consider this is associated with post-fracture behav-
ioral change. In Taiwan, calcium supplements are well known to
help maintain bone mineral density37,38. Moreover, in post-fracture
patients, lifestyle modiﬁcations as well as supplements that
promote bone health are generally recommended and encouraged
by health care professionals to prevent future fracture. One study
has reported that patients especially females followed the recom-
mendations of their primary care doctors to increase calcium
supplement and dairy food intake after occurrence of fracture39.
This inverse association may make it more difﬁcult to evaluate the
true relationship between calcium supplements and fracture risk in
observational studies35, and also confound the relationship
between milk consumption and fragility fracture rate. Glucos-
amine, a supplement that promote cartilage health40, is often
misinterpreted to be beneﬁcial to bone health in Taiwan because
the product Chinese names often contain the word “bone” which
can be misleading. The present study has shown at least one-third
of the participants have misused glucosamine as the treatment for
osteoporosis, which justiﬁes further public health education.
Physical activity is thought to be positively associated with bone
mass41,42. In our ﬁndings, the relationship between physical activity
levels and fragility fracture prevalence has not been established.
This may be partly due to limited collected information on weight
bearing and total activity for each subject, for example, the time
spent on walking, stair climbing, cleaning and other routine daily
activities. On the other hand, although exercise can help tomaintain bone mineral density, it may also expose participants to
risk of injuries such as falls and thus offset its positive effect in
reducing fracture risk. As in our ﬁndings, participants with favorite
exercises that place them at risk of falls showed a greater fragility
fracture prevalence than those who did not do these types of
exercises, although the result was not statistically signiﬁcant
(Table 4). Several studies in Taiwanese women have shown a posi-
tive relationship between BMI and BMD43,44. This present study
showed slightly increased fragility fracture prevalence in 30 cases
with BMI  19 although it did not reach statistical signiﬁcance and
this may be due to limited number of cases.
There are several limitations to the present study. Firstly, the
limited number of participants for some covariates might have
reduced our ability to conduct powerful statistical analysis. For
example, few participants had blurred vision, low BMI, smoked or
drank coffee, making it difﬁcult to clarify the inﬂuence of these
factors on fracture risk. Secondly, the information including frac-
ture history was mainly elicited from interviews, so the results are
subject to recall bias and information bias that may result in non-
differential misclassiﬁcation in our study and may dilute the
association of related variables. For example, unawareness of
compression fracture of spine in some participants might result in
underestimation of the fracture prevalence. However, since frac-
tures in limbs often cause severe pain, swelling and even limb
deformities, we assume most people are able to be aware of the
occurrence of limbs fractures. Thirdly, the method of evaluating
food intake was based solely on frequency, not quantity. The total
intake amount of nutrients affecting bonemetabolism, like calcium,
vitamin D and vitamin C were unclear. Fourthly, the sampling
process of participants was not randomized. People willing to
attend the morning health examination and be enrolled into this
study as volunteers were thought to be well motivated and thus
were not nationally representative due to selection bias. Finally,
since the study design was cross-sectional, a causal relationship
could not be established. The nutrient inﬂuence on fracture risk
might take years to become evident. This study assumed that the
current dietary preference was similar to that in adolescence and
young adult life. We believed insufﬁcient intake of deep-colored
vegetables was unlikely the post-fracture behavioral change
because the role of vegetables on bone health was little addressed
in literatures and most people do not consider there is signiﬁcant
correlation between vegetables and bone health. There seemed no
reason to reduce vegetable intake after occurrence of a fracture.
Under the above hypothesis, we concluded that intake of deep-
colored vegetables had a positive effect on bone health. However,
further detailed investigation and prospective studies should be
conducted for conﬁrmation.
In conclusion, the prevalence of fragility fractures in post-
menopausal women who rarely or never consume deep-colored
vegetables is signiﬁcant higher than that of those who often
consume deep-colored vegetables. Habitual milk consumption and
high physical activity level did not reduce fragility fracture risk in
this study. The inverse relationship of habitual use of calcium and
glucosamine supplements with higher fragility fracture prevalence
may be due to post-fracture behavioral changes.
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